The expression of eight murine Frizzled (1,3-9) genes was studied during mouse somitogenesis, in order to correlate the Wnt-dependent activation of myogenesis with the expression of speci®c Frizzled putative receptors. Frizzled 1, 3, 6, 7, 8, and 9 have speci®c expression in the forming and differentiating somites. The genes analyzed have a complex and partly overlapping pattern of expression in other regions of the embryo. q
Results
Wnts constitute a family of secreted proteins with a key role in embryonic development (Wodarz and Nusse, 1998) . The vertebrate homologues of Drosophila Frizzled are considered as putative receptors for the Wnt signaling molecules (Bhanot et al., 1996) . Several members of this family have been cloned in different organisms . Another class of genes, the sFRPs (soluble Frizzled related proteins) have been identi®ed (Rattner et al., 1997) . These are secreted molecules with a strong homology with the Frizzled extra-cellular domain and the capacity to compete for binding to Wnt, suggesting different level of regulation of the Wnt signaling. We previously showed that in newly formed somites Wntl preferentially activates Myf5, leading to epaxial myogenesis while Wnt7a preferentially activates MyoD, leading to hypaxial myogenesis (Tajbakhsh et al., 1998) . We therefore investigated the distribution of the Wnt putative receptors during somitogenesis (from E8.5 to E10.5), to support the possibility that speci®c WntFrizzled interactions may activate different intracellular pathways, ultimately leading to differential activation of Myf5 or MyoD.
Fz1 appears to be weakly expressed in the presomitic mesoderm and strongly in the intermediate mesoderm and in the rostro-medial edge of newly formed somites (as well as in the ventral border of the dermomyotome). Later, it is expressed in a region between the dermomyotome and the myotome from where it extends to the adjacent limb bud (Figs. 1 and 2A±C and Fig. 7A,B) . In addition, Fz1 is expressed transiently in medio-ventral neural tube until E9; later it is expressed in the optic lens (Fig. 7C) , in the otic placode, in the olfactory placode, in the telencephalic vesicles and in the mesencephalon. A strong signal labels the foregut together with the thyroid primordium and the branchial arches ( Fig. 1 and data not shown) .
Fz3 appears to be expressed strongly in the dorsal neural tube and this expression is maintained throughout somitogenesis (Fig. 7D) . It is expressed faintly in the somites to label later the contact region between the dermomyotome and the myotome (Figs. 1 and 3A ,B and Fig. 7A ). Fz3 is strongly expressed in the neural folds at E8.5 and later is restricted to progressively more posterior regions, with the exception of the dorsal telencephalon. It is also expressed in the ®rst branchial arch, in the olfactory placode, and in the distal region of the limb buds. A faint signal is widespread throughout the mesenchyme of the entire body wall ( Fig. 1 and data not shown).
Fz4 has a late onset of expression (E9.5), localized to a speci®c domain of the ventral telencephalon from where it extends later to the whole vesicles. It is also weakly expressed in the branchial arches (Fig. 1) .
Fz5 is expressed earlier than Fz4 (E8.75) and in a broad ventral domain of the telencephalon, but later it restricts to (Fig. 7C ). Fz5 is also weakly expressed in the forming lung bud (Fig. 1 and data not shown) .
Fz6 has a complex pattern of expression: at E8.5 it is in the entire length of the notochord, to become restricted, at later stages, to the level of presomitic mesoderm. Fz6 is expressed in the rostro-lateral edge of the newly formed somites since E9.5. At E10.5 Fz6 is expressed in a line surrounding the forming limb buds. In the interlimb region it marks the ectoderm overlaying the dermomyotome and its dorso-medial lip (Fig. 7B ). Fz6 is also expressed in the foregut and caudally in the cloaca, in the maxillary and mandibular components of the ®rst branchial arch, in the second one and in the metanephric duct. A strong signal marks the metencephalon and the ventral midbrain; it labels also the apical layer of the future pigmented retinal tissue (Figs. 1, 4A±D and 7C) .
Fz7 is weakly expressed in a segment of the presomitic mesoderm (vaguely resembling a somitomere) and along the ventro-lateral borders of newly formed somites (complementary to Fz1); later, expression is localized to the medial domain of the dermomyotome, adjacent to the myotome (Fig. 7A,B) . Moreover, Fz7 is expressed in the ventromedial neural tube (Fig. 7D ), in the otic placode, at the Fz1, Fz3, Fz4, Fz5, Fz6, Fz7, Fz8, Fz9 were analyzed at E8.5 (A), E9 (B), E9.5 (C) and E10.5 (D). Fz1 is expressed in the somites (arrow) since the onset of somitogenesis and later in the limb buds (FL, forelimb; HL, hindlimb) in the telencephalic vesicles (TV) and in the otic placode (Ot); dashed lines in B and C correspond to sections shown in Fig. 2B and 2C, respectively. Fz3 also is expressed in the somites at E8.5 (arrow) and in the presomitic mesoderm (PSM), in the neural tube and in the neural folds. Later, expression is concentrated in the hindbrain, dorsal telencephalon, ®rst branchial arch (arrowhead) and distal limb buds; dashed lines in C correspond to sections shown in Fig. 3A ,B. Fz4 starts to be expressed at E9.5 in the ventral telencephalon (arrow) to label later the telencephalic vesicles. Fz5 labels the optic eminence at E8.75 and later a broad region of the ventral telencephalon (bracket) and the optic vesicle (OV) with the optic stalk (OS); the arrow points at the region of forming lung. Fz6 is expressed in the notocord (Nc) at E8.5; later, a strong signal is evident in the metencephalon (Mt), the isthmus, the base of the midbrain (arrow), the optic and otic placode, in the branchial arches and at the conjunction edges of the diencephalon with the telencephalic vesicles (arrowhead); dashed lines in C and D correspond to sections shown in Fig. 4B ,C,D. Fz7 is expressed in the neural tube and in the somites as well as in a discrete region of the presomitic mesoderm (arrow); dashed line in C corresponds to section shown in Fig. 5B . Fz8 is expressed in the somites at E8.5 (arrow) strongly in the ®rst somite (arrowhead) and in the telencephalon, in the otic placode, in the olfactory placode (OP) and in the limb buds; dashed line in D corresponds to section shown in Fig. 6C . Fz9 labels the presumptive diencephalon (arrow) and the entire length of the neural tube (arrowhead) at E8.5. At E10.5 a strong signal labels the caudal region of the neural tube (arrowhead). The expression in somites is late and restricted to the myotome; dashed line in D corresponds to section shown in Fig. 6D. base of the midbrain and strongly in the hindbrain; at E10.5 Fz7 is also expressed in the mesenchyme of the limb and of the olfactory placode (Figs. 1 and 5A,B) .
Fz8 is expressed in the epithelial somites from E8.5; in more mature somites it is localized to the myotome (Fig.  7A,B) . Fz8 is also expressed in the dorso-medial neural tube (Fig. 7D) , in the telencephalon, in the diencephalon and transiently in the lens placode at E9.5 (data not shown). Moreover Fz8 is expressed in the gut and in the cloaca, in the branchial arches, in the olfactory placode and in the sinus venosus (Figs. 1, 6A ,C and data not shown).
Fz9 is expressed in the myotome only at E10.5 and is not detected in newly formed somites (Fig. 7B) . Furthermore, its expression in the myotome is narrower than the expression of Fz8, suggesting restriction to differentiated myocites only. At E8.5 is expressed in the neural tube at the somitic level and in the region of the presumptive diencephalon. At E9, it is expressed in the forebrain and midbrain and in the rhombomeres borders. At E10.5 it is expressed in the telencephalic vesicles and in the neural tube it marks strongly the cervical and caudal regions. A faint expression is also visible in the branchial arches (Figs. 1, 6B,D and 7D) .
These data show a complex pattern of expression for most of the Frizzled genes examined, with the exception of Fz4 and Fz5 that appear to be restricted to speci®c areas of the brain. It is interesting to note that Fz1 has a pattern of expression, in newly formed somites, compatible with being involved in preferential interaction with Wntl secreted by the neural tube. Conversely, Fz7 appears to be expressed in a complementary fashion, suggesting a possible preferential interaction with Wnt7a, derived from the ectoderm. Functional studies and analysis of mutant embryos will be needed to test this possibility.
Materials and methods

Frizzled probes
Murine Frizzled 3, 4, 6, 7 and 8 were kindly provided by Dr. Jeremy Nathans. Frizzled 1, 5 and 9 were PCR-cloned from genebank sequences: Fzl AF054623, Fz5 AF005203, Fz9 AF033585, with the oligonucleotides: Fzl frw.- Fig. 2 . Expression of Fz1. Fz1 is expressed at E9 at the internal edges of newly formed somites (arrow in A). A coronal section (B) shows the strongest signal in the rostro-medial edge (arrowhead). In a transverse section at E9.5 (C), the expression is localized between the dermomyotome and the myotome spreading in the myotome (bracket). The limb bud shows Fz1 expression in the anterior and posterior region of the mesenchyme (arrows); r, rostral; c, caudal; NT, neural tube; FL, forelimb. Scale bar, 75 mm. 
Whole-mount in situ hybridization
Embryos (from E8.5, 6±10 somites, to E10.5, 30±35 somites) were prepared for whole-mount in situ hybridization as previously described (Tajbakhsh et al., 1997) . Photographs of whole-mount stained embryos were taken with a Leica MZ8 stereomicroscope using color reversal ®lm Ektachrome 64T. Stained embryos were embedded in 7% gelatin/15% sucrose and 30 mm sections were cut. Fz7 is expressed in a discrete region of the presomitic mesoderm (arrow) and in the somites with a complementary fashion to the expression of Fz1 (arrowhead). In a transverse section at E9.5 (B), Fz7 expression is localized to the medial domain of the dermomyotome (bracket), adjacent to the myotome. It also labels the mesentery of the gut (arrowhead). NT, neural tube; DA, dorsal aorta; Gu, gut. Scale bar, 100 mm. (VL, ventrolateral; R, rostral; C, caudal) . Fz3 (green) and Fz8 (ochre) are expressed all around the somite. In contrast, Fz1 (dark blue) is restricted to the rostromedial border and Fz7 (red) the ventro-lateral one. (B) Scheme summarizing the Frizzled genes expression in mature interlimb somite at E10.5. Fz6 (violet) labels the dorso-medial lip; Fz1 (dark blue) and Fz7 (red) are expressed in the region between the dermomyotome and the myotome; Fz8 (ochre) and Fz9 (pale blue) mark the epaxial and hypaxial regions of the myotome respectively. DML, dorso-medial lip; VLL, ventro-lateral lip; L, lateral; M, medial. (C) Scheme summarizing the Frizzled genes expression in the forming eye at E10.5. Fz5 (yellow) is expressed in the future neural retina except than the anterior regions. Fz3 (green) is expressed in the anterior region of the lens vesicle and in a discrete region of the anterior future neural retina. Fz1 (dark blue) shows overlapping expression with Fz3 but a broader expression domain in the anterior lens vesicle. Fz6 (violet) labels the anterior region between the retina layers. (D) Scheme summarizing the Frizzled genes expression in the neural tube at E10.5. Fz3 (green) is expressed in the dorsal region. Fz7 (red) labels the medio-ventral region and Fz8 (ochre) the medio-dorsal one. Fz9 (pale blue) marks the entire region of the neural tube adjacent the lumen with a dynamic pattern during the development and along the rostro-caudal and dorso-medial axes (for details see Wang et al., 1999) . Dorsal (D) is the top and ventral (V) is the bottom. Discrete expression shown by different color should not be interpreted as indicating expression of the Fz genes in mutually exclusive populations of cells.
